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ART. XXIV.-Fluv£atile Slwmps of New El'Igul.Jld,. by N. S. 
SHALER. 

[Published by permission of the Director of the Uniteu States Geol. Survey.J 

IN examining the fresh water swamps of New England I have 
found it necessary to consider in a careful manner the geo· 
graphical distribution of one class of these deposits, viz: The 
swamps formed along the banks of rivers. This work has been 
done with the intention of presenting the matter in a report on 
the inundated lands of the United States, but a part of the 
results seem to have an important bearing on the question of 
recent changes in the altitude of the continent in relation to the 
sea and are therefore stated in the following pages in order that 
they may be at the service of students who are interested in 
this problem. 

Let us first note the fact that the greater part of the New 
England streams flow from north to south or with slight devia
tions from this direction. Except at the head-waters of these 
southward flowing streams, where the brooks have too little 
volume to clear their beds of the glacial waste which encum
bers them, the valleys of this group contain no swamps. There 
are, it is true, occasional small areas of marshy ground upon 
the bordering terraces of these rivers; these, in all the cases I 
have examined, are evidently" moats" or the cut-off portions 
of the old stream beds which have been abandoned by the 
rivers in their changes of channel. 

All these southward flowing streams show that they have, for 
a considerable time, been cutting their beds downward through 
a deep layer of detrital material which was evidently deposited 
in their channels while the ice sheet was disappearing from the 
district on which they lie. This is indicated by the fact that, 
above the alluvial plain, at present overflowed in the times 0 

flood, there is usually one, occasionally several, terraces which 
bear the mark of river action and to which the stream never 
attains. 
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It is a fact, one that so far as I am aware has not been noticed, 
that the uppermost of these terraces in the Merrimac and Con· 
necticut, as well as some other rivers, generally exhibits fea· 
tnres not reconcilable with the supposition that it was formed 
by river action. Its snrface is frequently cast into the peculiar 
forms characteristic of the deposits which were made at the 
front of the ice·sheet when the base of the glacier lay below the 
level of the sea. It is my bEllief that these kame-bearing ter
races were formed while the valleys in which they lie were 
depressed. Mr. Warren Upham in his essay on the New 
Hampshire drift, repeatedly refers to the fact that these plains 
differ essentially from those forming at present, still he con
ceives them as formed by river action. 

Although we must exclude the upper terraces, those having 
kame ridges and the crater·like hollows which accompany kame 
deposits, from the category of terraces formed by the action of 
rivers, there remain enough of the elevated benches, distinctly 
marked by the action of fluviatile forces, to make it clear that, 
in the valleys of the rivers flowing from north to south, the con
ditions have been such that the streams have had no difficulty 
in constantly cutting deeper and deeper into the detrital depos
its which hindered their flow at the close of the Glacial period. 
The accompanying diagram (figure 1) represents the general 
condition of the terraces in the valleys of the Merrimac,.Connec
ticut, and other New England rivers of considerable size, which 
flow from north to south. It is intended to give the typical 
form of these terraces and not to show the actual conditions at 
anyone point, though those who are familiar with the aspect of 
the Merrimac or the Connecticut will recall many sections which 
it closely resembles. 

1. 

Type of river valleys in New England when the streams flow from north to 
south. 

It is evident that in a valley characterized b'y the presence 
of the terrace debris the conditions are extremel.y unfavorable 
for the formation of swamps, for even the lowest of the alluvial 
plains is drained, except in times of flood. 

Turning now to the streams which flow from south to north 
we find conditions in marked contrast to those which are found 
in the rivers flowing in the opposite direction. The number 
of these northward flowing streams is small and none of them 
have drainage areas to be compared with those of the greater 
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New England rivers. So far I have been able to examine 
the valleys of but few of this group, viz: The Nashua, the Oon
cord, the Oharles, and the Neponset, all situated in eastern 
Massachusetts. Although these streams are not large they all 
carry, in times of flood, large bodies of water. 

The general conditions of their drainage bafilins, as far as can 
be shown by a cross section, are exhibited in diagram No.2. 
It will be seen from a comparison of this with the preceding 
diagram (figure 1) that the most important' diff~rence in the 
cross section is as follows, viz: Along the streams which flow 
from south to north there are no river terraces except those 
which are covered b,Y the ordinary floods and are at times. 
swampy; while in the rivers which flow in the opposite direc
tion there are normally several of these elevated fluviatile 
benches and even the lowest of them is well drained in the dry 
season. The only benches are of the kame, terrace character 
before ad verted to and these are very conspicuous features 
in some of these valleys; in that of the Ooncord River they 
are particularly extensive and characteristic. At first sight 
these kame plains are likely to deceive the unwary ob
server into the belief that he has ordinar,Y fluviatile terraces 
before him. Even when he has a considerable acquaintance with 
such terraces as abound in the region south of the glaciated area 
of this continent he may fall into this error. Seen from the 
level of the streams the faces of the kame terraces where they 
have been scarfed away by the stream are almost exactly like 
those of ordinary fluviatile benches. Observing them closely 
their escarpments are seen to be slightly more il'regular than on 
the terraces formed by a stream in its down cutting, but occur· 
ring, as they do, in a somewhat fragmentary way, these pecul
iarities are readily overlooked. 

2. 

Type of river valleys in New England when the streams flow from south to 
north, 

When, however, the student ascends upon the surface of 
these plains, he at once remarks that they are essentially unlike 
the true fluviatile terraces as we may call those benches which 
have in earlier times been overflowed by the stream. In place 
of the level or slightly rolling surface characteristic of these old 
flood plains we find these kame terraces, though generally 
nearly level, to be here and there deeply indented by the 
peculiar pits termed 'kettles' so characteristic of the kame 
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plains of New England. Here and there also we find low hut 
sharp kame ridges which are equally characteristic of this class 
of deposits. These contours are of themselves sufficient to 
prove that these at'eas have never. been the flood plains of 
any river. Other evidence is found in the fact that these kame 
bearings terraces have bowlders scattered over them; usually 
these erratics are of small size, but occasionally they have a 
mass of twenty cubic feet or more. The materials which form 
the kame plains consist in the main of sand and pebbles 
deposited in an irregular, cross· bedded way quite different from 
the structure of fluviatile terraces. Again the kaJ?le plains 
may be traced completely beyond the valleys into positions 
where it is evident that they have no relation to river action. 

Below the level of this kam~ terrace the valleys of the rivers 
which flow from south to north show no other benches until 
we descend to the level of the present flood plain. This is 
always, as is shown ill the diagram, in direct communication 
with the present margin of the river so that a very slight flood 
sends the water over the whole of its level. Even in the times 
of ordinary low water the river extends through sedgy Bats for 
some distance from the margin of the Bowing stream. The 
whole of this alluvial plain is swampy; so far as I have seen 
none of it is exempt from floods, and there is, at no point,any 
indication of down·cutting on the part of the stream bed. This 
.absence of a distinct lowering of the drainage level in these 
basins may possibly be accounted for in part by the fact that 
they are ail more or less obstructed by mill-dams. Still making 
all allowance for these obstructions and considering only the 
conditions which remain when the water is drawn away from 
the pools, it is clear that there has been in these channels an 
entire absence of that swift down-cutting which is so marked 
a feature in the rivers which Bow from north to south. 

It is moreover clear that the reverse process is now rapidly 
in action; none of these northward flowing streams have, at 
the present time, sufficient currents to clear their beds of the 
detritus brought into them by floods from their tributaries. 
Even in the time of floods they discharge no coarse detrital 
matter; only the small amount which is held in suspension by 
a slight current is carried to the sea. The result of this failure 
of the streams to exercise any general erosive effect is that the 
process of deposition is constantly going on not only on the bot
toms of their channels but upon a wide field on either side of the 
waterways. The deposition of coarse sediment is taking place 
not only along the bottoms of the streams but in the form of small 
deltas where the brooks from the. higher ground are arrested in 
their speed at the margins of the swamp lands. These deltas 
are inconspicuous; in part because the greater number of the 
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New England streams do not bear a large amount of coarse 
sediment, but also because the continued rise of the swamp 
deposits causes the deltas to be masked by the growth of plants 
and the accumulation of peaty matter. It seems evident that 
we have not yet come to a point where the conditions have 
attained their equilibrium though it may well be that the pres· 
ent condition of these basins is affected by the artificial dams 
which have recently been constl'Ucted across their main chan· 
nels. I believe that, if these dams were removed, the accumula
tion of detritus would continue. 

The general character of the swamps which border the north· 
ward flowing rivers, merits some consideration. In the first 
place we note the fact that they do not belong to the group of 
sphagnum deposits, for the reason that the alternations of water 
level are too great to permit the extensive development of these 
mosses. These fluviatile swamps are divisible into three classes. 
There are those which are formed in areas so frequently sub
jected to overflow and so constantly penetrated with water that 
they cannot afford a site for any of our perennial shrubs to 
maintain a place upon them. These areas are occupied in their 
lower part by rushes and in the higher by the ordinary marsh 
grasses of this country. Above this level we have a belt or 
ground, generally narrow, in which the grasses give place to 
various bushy but low growing plants of which the alders are 
the most common. Above this we have in certain places a 
wide field of swamps which are really only very wet woods, 
water covered in the times of the greater floods, say once or 
twice a year, but generally two or three feet above the level of 
ordinary inundations. 

These wide inundated plains demand explanation; this I am 
not yet able to give. It seems to me, however. from their as· 
pects and the trifling sections I have been able to secure, none 
of which extend more than three feet below the surface, that 
they may be true terrace plains formed perhaps during a time 
when the channel of the river was at a lower level than it is at 
present. These plains may have been converted into swamps 
bv the same changes in the drainage conditions which have so 
embarrassed the flow of the stream. 

The foregoing statement will make it clear that there is a 
great difference in the drainage conditions of the streams which 
flow from and toward the north in the belt of country included 
in eastern New England. A little further consideration of the 
facts will make it also clear tbat this difference is probably not 
one of the original nature but has recently been brought about. 
We note in the first place that-the valleys of the rivers, which 
flow from south to north, show evidences of an erosive power 
which the rivers no longer possess. As is indicated in the dia-
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gram (see figure 2) we often find on either side of the present 
stream bed the remains of a terrace· like mass of sand and gravel 
which is the product of peculiar conditions of the Glacial period. 
In some rare cases these masses of tabular drift are found as 
fragments of an old table·land left in the middle of the valley. 
Tbese lateral and central masses of terraced sands have in all 
cases steep escarpments which by their slope indicate the erosive 
action of the stream. It is often evident that these drift plains 
at the close of the Glacial period extended across the valleys in 
which they lie. 

In some cases the mass excavated is very great j on the 
average it seems to me as great as that which has been removed 
by some of the larger streams of the valleys which flow from 
north to south. 'J'be excavation in the valleys of the rivers 
which flow from south to north is entirely beyond the power of 
their streams to accomplish with their present slopes. In simi· 
lar streams flowing in the reverse direction the process of ero
sion of their drift plains is still going on. In the Merrimac, for 
instance, the river is rapidly wearing away its banks at many 
points. On the western side of the elevated plateau of kame 
plains, which lies on the east side of the river near Concord, 
N. H., the process of erosion keeps a fresh face on a cliff nearly 
one hundred feet high and several hundred yards in length. 
This escarpment is wearing away at the rate of somewhere near 
one foot per annum. The same is the case with many other 
bluffs on this stream. This activity of erosion by the rivers is 
seen in many other streams of this class in this part of New 
England, but in the valleys which slope to the south the streams 
no longer attack their bunks in this manner though it is evi· 
dent that they at one time were capable of such work. 

I have at present no data sufficient to determine the depth 
to which the valleys have been encumbered by the swamp 
accumulations which have been formed in them or how much 
their beds have been raised from their original level. It seems 
to me likely that they origiually possessed alluvial plains such 
as those which now characterize the Merrimac and other nor· 
mal valleys. This would seem almost necessarily the case from 
the extensive erosion of the drift terraces, for the reason that 
this erosion by the stream would necessarily lead to the oscilla
tion of the channel from side to side, which would bring about 
the production of fluviatile plains. If such plains existed the 
filling up of the valleys has evidently been sufficiently great to 
suppose their surface beneath the existing swamp deposits. 
As before remarked I am disposed to believe that the great 
area of wet·woods on the banks of the Concord river in Bedford, 
Mass., is in its nature a supposed fluviatile terrace. 

It thus appears probable that after the streams which flow to 
./Lv. JOUR. SCI.--THIRD SERIES, VOL. XXXIII, No. 195.-MARCH, 188i. 
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the northward had in good part done their work of excavating 
their drift·encumbered channels, bringing them into essentially 
the condition of those occupied by the rivers flowing from north 
to south, a change came over them which led to a lowering 
of their slopes and a consequent diminution of theit, fall. It is 
evident that the only change which could produce this would 
arise from a tilting of the land area in which they lie. This 
tilting might be accomplished by a positive down sinking of 
their head waters or by a positive elevation of the lands about 
their mouths; either of these movements might be local in 
their nature or they might be a part of a general movement of 
the continent. 

It is perhaps too soon to interpret the movements which have 
led to these peculiarities in the drainage of the two classes of 
our New England rivers, but in order to secure a basis for the 
further study of the facts I venture to give the sllccession of 
events which my observations appear to indicate. 

First as to the origin of the kame terraces which are by far 
the most conspicuous as well as the most inexplicable features 
of our river valleys. I have already incidentally given the 
principal reasons why they are not to be considered as in any 
way the result of river action. I have stated that the character 
of their surfaces as well as the order of stratification of their 
materials excludes them from the class of fluviatile deposits. 
A further study of their features shows us that there are other 
reasons why they cannot be regarded as the product of river 
action. Deposits of essentially similar nature are found along 
the shore line at many points betll'een Portland and New York, 
especially on Oape Cod 'and the islands of Nantucket and Mar
tha's Vineyard where the supposition of river action is quite 
out of the question. Again they are fou nel in the valleys of 
our smaller lakes in positions where they could never have 
been exposed to river currents. Still furthet· they are, when 
found in the river valleys, in no very definite relation to the 
plane of the stream, they lie at all heights above its level and 
on Iv for short distances and accidentally correspond in slope 
with the surface of true fluviatile plains. I am, therefore, 
driven to the opinion that these kame terraces were formed be
neath the level of the sea during the submergence which at
tended and followed the stage of the Glacial period when this 
surface was deeply covered with ice. During the period of 
submel'gence which endured for a time after the disappearance 
of the ice the surface of the sea floor was swept by strong cur
rents which tended to move the detrital matter from the eleva
tions and accumulate it in the hollows of the bottom. The cur
rents which bore the materials to the sea and arranged them on 
its floor were in the main produced by the sub-glacial streams 
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which emerged from beneath the ice while its base lay in the 
sea. As the sub-glacial streams normally had their points of 
discharge at the lowest parts of the ice front, the greater part 
of the kame gravels were deposited in the depressions of the 
sea floor which have since become river valleys. But a share 
of this debris found its way to the higher lying districts and 
occasionally occupied positions on the divides between adjacent 
valleys_* 

When the surface of this district rose above the level of the 
sea the movement took place suddenly as is shown by the pre
servation of the delicate features of the kames, especiall.y along 
the sea shore as well as by the absence of old benches of levels 
above the plane of the present shore. The elevation probably 
brought the level of the land to a position considerably above 
its present altitude, as is shown by the submerged forests 
along the shore of Massachusetts Bay and on Nantucket, where 
there has been a down sinking of ten to twenty feet in depth 
since the post-glacial elevation. 

During this period of post-glacial elevation, when this part 
of the continent was somewhat higher than at present, the val
leys of all the streams were, to a greater or less extent, cleared 
of their incumbrance of drift. It is during this period that the 
valleys of the rivers which flow from south to north were ex
posed to the measure of erosion which we find indicated in 
them. This condition of the surface must have endured for 
some thousands of years in order to have permitted the removal 
of such extensive masses of debris as have been cleared from 
these valleys. As before remarked, the erosion of these valleys 
as far as it is measured by the abrasion of the original drift de
posits, the kame terraces and other glacial materials, is nearly if 
not quite as extensive in the valleys whose streams flow to the 
northward as in those that decline to the south. It is evident 
that the elevated condition of the continent endured long enough 
to permit the complete re-establishment of the drainage in the 
drift-encumbered valleys of this region: a process which could 
not have taken place with the present declivity of the streams. 
When the change in the position of the land came about it led 
to the relative lowering of the southern part of New England 
and a (Jorrespol?ding relative increase in the height of the north
ern part of this section of the shore. It is not perfectly clear 
whether the movement actually lifted the northern districts 
above their previous level or no, but it seems likely there was 
a positive sinking of the southern section. 

It is probable that the submerged forests and swamps of 
southern New England befol'e and after, referred to, were 
depressed beneath the sea level at the time of this movement. 

* Compare on the Origin of Kames, by N. S. Shaler, Proceedings Boston Soc. 
Nat. Rist., vol. xxiii, pp. 30-44. 
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The amount of downward movement indicated by these 
remains of submet'ged land plants cannot well be less than 
fifteen feet. It may have much exceeded this amount. It is 
impossible to determine by the scanty remains of these sub
merged forests and swamps, which are disclosed along the shore 
line, just how high above the water the surface wpich "they 
occupy stood before they were lowered beneath the sea. There
fore, although a certain amount or subsidence of the region ap
pe:us to be indicated by these submerged plants, the amount of 
the movement can only be determined by a careful examination 
of the valleys themselves. Fortunately the data obtainable in 
this manner seem to make an approximate determination of the 
point in question. The evidences of former erosion which 
these valleys afford shows us that at one time their rivers had 
a rate of flow comparable in a general way to that of the rivers 
which flow from north to south. The question is, how great 
a tilting of these basins would be required in order to bring the 
streams to their present condition of relative stagnation and 
permit the development of the swamps which now characterize 
their basins. After the careful study of these valleys, compar
ing them with those in other districts, I am of the opinion that 
the tilting need not have exceeded two feet to the mile to have 
effected the change, and that it might have been effected with 
a somewhat less amount of alteration in the inclination of the 
stream beds. The least amount which would satisfy the con
ditions would be a lowering of the inclination of the river beds 
by one foot to the mile. The greatest submergence which I 
have been able to prove from the evidence of buried forests is 
in the region about Boston harbor, where it appears to have 
been somewhere about twenty feet, rather less than more. 
This evidence is derived from some roots of a species of spruce 
obtained in Cambridgeport at a depth of about seventeen feet 
below high water, and some traces of roots of trees in their 
natural position below the level of low tide mark in the portion 
of Massachusetts Bay near Lynn. Now, from the sources of 
the Ooncord river to its outlet into the Merrimac, is a distance 
of about thirty miles in a direct line, and by the sinuosities of 
the stream is about forty miles. We see, therefore, that the 
proved subsidence, since the close of the Glacial period, is 
hardly sufficient to account for the change in the condition of 
the river, though it represents at least half the amount neces
sary to bring about that alteration. 

The moderate amount of the subsidence which has led to the 
swampy condition of these valleys is furthermore indicated by 
the fact that when the tributaries of the embarrassed streams, 
themselves flowing from south to north, are so placed that their 
original descents were steep, they have not had their basins 
made swampy by the change of inclination. 
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It is clear that the precise amount of this dislocation cannot 
be determined from a study of the streams themselves; we can 
only set it in general terms as equivalent to a diminution in 
the rate of descent to the amount of from one to two feet to the 
mile. It is, however, clear from the evidence afforcled by the 
valleys that the change was in effect a down ward til ting of their 
southern ends. This is shown by the fact that the encumber
ing by marshes often extends to the head· waters of the streams. 
If the subsidence had consisted in an even lowering of the 
whole shore the result would have been the checking of the 
current of the ri vers in the lower part of their course alone. As 
it is, it has affected the movement of some of their tributary 
streams up to a height of one hundred feet above the sea. 
There is a chance that the amount of the dislocation may be 
determined in the manner pursued by Gilbert in his a(lmirable 
work on the lake basins of the central and western portions of 
the continent, viz: by tracing the elevated shore lines of 
shrunken fresh water areas. In the essays which I have made 
towards the use of this method I have as yet attained no suc
cess, for the reason that over New England elevated shore·lines 
are rare and extremely indistinct in their outlines. It is likely, 
however, that a careful study of the numerous lakes of New 
England which have been partially drained since the Glacial 
period will afford some data for the accurate determination of 
this question. 

An inspection of the best accessible maps seems to show that 
this eneumbering of the valleys of the streams which flow from 
south to north, becomes less evident as we recede from the 
shore. It is but slightly shown in the hill districts of southern 
New Hampshire, or of central Massachusetts, as well as in the 
Berkshire hills. It will not do, however, to conclude that this 
tilting action did not take place in those districts. The only 
streams which in that region have a course from south to north 
are of small size, and rapidly descend from considerable heights. 
If, as seems likely, the amount of down sinking of the level to 
the south did not exceed two or three feet to the mile, the 
original slope of the stream beds may not have been so far 
overcome as to lead to the formation of swamps in their 
valleys. 

It need hardly be Raid that this tilting movement was most 
likely a change which involved a large part, if not the whole, 
of the glaciated district of the continent. The occurrence of 
such a movement is sufficiently proved by the position of the 
post-glacial beds containing marinefo.3sils along the shore from 
northern New Enghnd to Greenland, as well as by the evidence 
obtained by Gilbert from the old shores of Lake Ontario. 
These observations above recounted on the northward-flowing 
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streams come, therefore, as a corroboration of an hypothesis 
which has perhaps sufficient verification from other evidence. 
The chief interest of the facts indicated by the valleys we have 
been discussing is that they give an approximate measure of 
the amount of dislocation of the continent on the southern part 
of New England, and that they apparently show that the down
tilting took place in relatively recent times, and after a period 
of elevation during which the streams had steeper slopes than 
they at present exhibit. 

I venture to suggest that the uplifting probably took place 
during the period of retreat of the New England glacial sheet, 
and before the ice had passed away from the northern part of 
the continent, and that the down tilting occurred when the ice 
had been in good part, if not completely, removed from the 
northern regions. It seems to me not improbable that the up
ward movement which followed the retreat of the ice was due 
to the removal of its weight from the surface of the continental 
arch. Assuming this to have been the case then we can easily 
imagine that in the region which was at a certain distance to 
the south of the retreating glacial escarpment would be tem· 
porarily elevated by the counter thrust arising from the weight 
of the neighboring ice. We may aid ourselves in forming this 
conception by the somewhat similar case in which the surface 
of a peat bog rises above its original level around the part 
which is weighted down by the filling of a roadway. It is easy 
to see that if we should remove the weight which produces the 
counter-thrust the elevated surface would tend to resume its 
original level. 

We may thus conceive the succession of movements which 
have led to the present condition of our streams flowing from 
north to south, as follows, viz: 1st. The subsidence of the 
land surface under the weight of the ice to a depth below the 
level of the sea. 2d. With the retreat of the ice, a reelevation, 
in a sudden manner, to a heigbt much above the level of the 
sea. 3d. With the disappearance of the ice from the continent 
a readjustment of its position and a consequent lowering of the 
southern portion of the glaciated area. It is not likely that in 
the readjusted condition of the continent all parts are equally 
elevated or equally lowered. The present levels of the sev
eral divisions of the continental area would probably be deter
mined by complicated equations of thrusts, and it is probable 
that in this way we may explain the fact that certain of the 
lesser valleys of New Eo'gland show little effect from the tilting 
movement which in immediately contiguous areas has had a 
great illfluence in the flow of the streams. I have observed the 
fact that in the hills of Mt, Desert we have evidence which goes 
to show a rising of the shorelands from the sea by a succession 
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of uplifts, each separated from the others by a periotl in 
which the land remained in the same relative position to the 
sea for a period of time sufficiently long to permit the waves to 
excavate a strongly marked bench while in the intermediate 
sections the elevation took place so rapidly that the drift coat
ing was not swept away from the rocks. It seems at present 
likely that these benches on Mt. Desert do not correspond with 
any similar coast lines in the southern part of New England. If 
this is proved to be the case then we have evidence that the 
rate and manner of upward movement were very diverse in 
regions which are close together. . 

Although in this paper I pt"Opose to limit the matter of in
quiry in the main to the post.glacial changes which have come 
upon the valleys of the northward.flowing streams it may be 
noticed that the facts above referred to throw much light upon 
the preglacial aLtitude of the continent. These river·valleys 
retain the general form which they had before the last glacial ice 
began to act upon them, they pursue their present courses be
cause their flow is mainly determined by the existence of the 
pre-glacial river valleys in which they lie. It is clear that these 
valleys could not have been excavated by streams of their pres
ent slope, it seems, therefore, necessary to a!lsume that the 
descent of the northward flowing rivers must have'been more 
rapid in the pre-glacial times than it is at present, or, in other 
words, this part of the continent was at that time relatively less 
elevated in its northern parts than it is at present. 




